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1 ( $NP$ ) $L$ $NP$
2 $V$
$p(n)$
( ) $x\in L$ $y\in\{0,1\}^{p(n)}$
$V(x, y)=$ Yes





































$F(V^{*}, x)$ $T\in\tau(V^{*}, x)$
$p_{\tau}(T)$ $T$ $V^{*}$




















: $n\cross n$ $kxk$
$(n=k^{2})$
: 1, $\cdots,$ $n$
1, $\cdots,$ $n$
SDKI (Gradwohl [1]). $P$ 3



































































































24 $1’$ 2 $n=5$ 1
125
( ) $n=5$ 5
5 1
1, . . . , 5 4 6, . . . , 10 5
(m\’od 5) 1, . . . , 5




















$9\cross 9$ , (
) 5
2, 4, 1
[1] R. Gradwohl, M. Naor, B. Pinkas and
G. N. Rothblum: Cryptographic and phys-
ical zero-knowledge proof systems for solu-
tions of Sudoku puzzles. Theory Comput.
Syst. 44(2): 245-268 (2009).
[2] $A$ $D$ ( ),
( ),
2011. ( R. A. Hearn and E. $D.$
Demain: Games, Puzzles, and Computation,
A K Peters/CRC Press, 2009.)
[3] T. Moran and M. Naor : Basing crypto-
graphic protocols on tamper-evident seals. In:
Proceedings of the $32nd$ International Col-
loquium on Automata, Languages and Pro-
gramming (ICALP 2005). Lecture Notes in
Computer Science, vol. 3580, pp. 285-297,
Springer, 2005.
[4] ( ), (
), 1997.
[5] ( ),
( ), [ 2 ],
2008. ( M. Sipser: Introduction to the




[6] $R$ ( ),
( ),
1996. ( D. R. Stinson: Cryptography:
Theory and Practice (Discrete Mathematics
and Its Applications), CRC Press, 1995.)
126
